The multidrug resistance (MDR) phenotype is considered as a major cause of the failure in cancer chemotherapy. The acquisition of MDR is usually mediated by the overexpression of drug efflux pumps of a P-glycoprotein. The development of compounds that mitigate the MDR phenotype by modulating the activity of these transport proteins is an important yet elusive target. Here, we screened the saponification and enzymatic degradation products from Salvia hispanica seed's mucilage to discover modulating compounds of the acquired resistance to chemotherapeutic in breast cancer cells. Preparative-scale recycling HPLC was used to purify the hydrolysis degradation products. All compounds were tested in eight different cancer cell lines and Vero cells. All compounds were noncytotoxic at the concentration tested against the drug-sensitive and multidrugresistant cells (IC 50 > 29.2 μM). For the all products, a moderate vinblastine-enhancing activity from 4.55-fold to 6.82-fold was observed. That could be significant from a therapeutic perspective.
INTRODUCTION
Salvia hispanica, commonly known as "chia," belongs to a species of flowering plant in the mint family, Lamiaceae, native of central and southern Mexico and Guatemala. Its seeds are rich in omega-3 and omega-6 (α-linolenic acid, 28%), fiber (30-40%), proteins (16%) of high biological value, and natural antioxidants that protect the seed against certain adverse conditions, in addition to other important nutritional components such as vitamins and minerals (Porras-Loaiza et al., 2014; Sandoval-Oliveros and Paredes-López, 2013 ). Thanks to its properties, the US Food and Drug Administration consider the seeds a dietary supplement. The chia seeds, corn (Zea mays), beans (Phaseulus vulgaris), and amaranth (Amaranthus hypochondriacus) formed the main components of the diet of the preColumbian people of the Americas, diets that, compared with their modern counterparts, met the dietary requirements established today by the Food and Agriculture Organization and the World Health Organization. The Aztecs received the chia seed as an annual tribute from the people under their domain and was given to the gods as an offer in religious ceremonies (Porras-Loaiza et al., 2014) . This crop has a promising future not only as a basic foodstuff but also as a rich source of possible bioactive carbohydrates for search therapeutics prototype for high prevalence and chronic degenerative diseases.
A principal feature of the seeds from S. hispanica is that when placed in an aqueous medium, it secretes a mucilaginous polysaccharide that surrounds the seed (Muñoz et al., 2012) . Upon hydration, seeds can absorb up to 12 times their weight in water, becoming enveloped in a copious and unsolvable in water, mucilaginous polysaccharide that comes from the outer seed's shell. Previously, a tentative structure of basic unit of the polysaccharide of chia mucilage was proposed, as a tetrasaccharide with 4-O-methyl-α-Dglucoronopyranosyl residue occurring as branches of α-D-xylopyranosyl on the main chain (Kuei-Ying et al., 1994) , and report the monosaccharides α-D-xylose, α-Dglucose and 4-O-metil-α-D-glucoronic acids were obtained by acid hydrolysis of the seeds in the proportion 2:1:1, respectively. Timilsena et al. (2016) reported xylose, glucose, arabinose, galactose, glucuronic acid, and galacturonic acid as monosaccharide units in the chia seed gum. A significant amount of glucuronic acid and galacturonic acid, and two other neutral sugars, namely, arabinose and galactose, were also detected in chia seed gum.
A variety of oligosaccharides from plants have attracted increasing attention such as antiinflammatory activity, immunomodulatory activity, antibacterial activity, cytotoxic activity, and especially as reversal of multidrug resistance (Pereda-Miranda et al., 2010; Corona-Castañeda and Pereda-Miranda, 2012; CruzMorales et al., 2012; Figueroa-González et al., 2012; Corona-Castañeda et al., 2016) . The multidrug resistance (MDR) phenotype is considered a major cause of the failure of the therapeutic agent and dramatically increases morbidity and mortality as well as the financial costs in cancer therapy in health care systems worldwide (Yan et al., 2013) . One of the major mechanisms of resistance in MDR mammalian cancer cells involves the increased expression of a Pglycoprotein (P-gp), a member of the ATP binding cassette transporter family, and works in a similar manner to a pump to extrude anticancer drugs out of cells (Rana et al., 2014) . The fact that P-gp is overexpressed in various cancer cells has prompted numerous research groups to search for effective inhibitors for this glycoprotein. Malignant tissue overexpression of P-gp, or an altered expression of P-gp in tumor cells, can result in resistance to a broad range of anticancer drugs during chemotherapy, commonly referred to as multidrug resistance. There are more than 50 known isoforms of P-gp, which complicates the characterization of P-gp glycans because each isoform could present a different glycome. The oligosaccharides of glycoconjugates have varied effects on the properties of proteins to which they are attached, specifically on biosynthesis, folding, solubility, stability, subcellular trafficking, turnover, and half-life (Greer and Ivey, 2007) . The oligosaccharide content of P-gp has been shown to be important in the normal plasma membrane expression of the protein. The oligosaccharides contribution to the structure and function of P-gp remains unclear. This suggested that other polysaccharides from natural product, as a product derived from the polysaccharide of the chia mucilage, have possible bioactive carbohydrates in order to search a therapeutic prototype. Hence, in this context, the present investigation of the mucilaginous polysaccharide from commercial seeds of S. hispanica was undertaken to unravel the chemical diversity of MDR reversal agents by isolating bioactive and noncytotoxic natural products. Extraction and isolation of water-soluble oligosaccharide from mucilage of chia seeds. The dry seeds of chia (500 g) were extracted exhaustively with the use of a propeller agitator (axial flow agitation) at 1000 rpm for 12 h at room temperature with water (1:10). Then the aqueous suspension was filtered to remove the seeds and extracted with n-BuOH. The n-BuOH fraction was concentrated to give a colorless solid. The total colorless solid was suspended in MeOH and submitted to sonication to afford MeOHsoluble and MeOH-insoluble fractions. The MeOHsoluble was partially purified by passing through activated charcoal to eliminate pigmented residues afforded 17 mg.
MATERIALS AND METHODS

General
Extraction of mucilage from chia seeds. The dried seeds (100 g) were placed in a container with water (1:10) with constant stirring for 2 h at room temperature. The aqueous suspension was frozen and lyophilized. The dry mucilage of chia (DMC) was separated from the seeds by a 40-mesh screen, and the weight was recorded (7.6 g).
Alkaline hydrolysis of dry mucilage of chia. A solution of DMC (100 mg) in 5% KOH-H 2 O (100 mL) was refluxed at 95°C for 12 h. The reaction mixture was acidified to pH 4.0 and extracted with CHCl 3 (150 mL). The organic layer was washed with H 2 O, dried over anhydrous Na 2 SO 4 , evaporated under reduced pressure, and directly analysed by GC-MS. The aqueous layer was extracted with n-butanol (150 mL). The n-butanol-soluble residue extracted from the saponification aqueous phase was subjected to analytical HPLC using a Waters μBondapak NH 2 column.
Sugar analysis of the saponification from dry mucilage of chia. A solution of the saponification from chia mucilage in 4 N HCl was heated at 90°C for 4 h. The reaction mixture was diluted with H 2 O and extracted with Et 2 O. The aqueous phase was neutralized with 1 N KOH, extracted with n-BuOH and concentrated to give a white solid. The residue was subjected to analytical HPLC on a Waters μBondapak NH 2 column (3.9 × 300 mm; 10 μm), using an isocratic elution of CH 3 CN-H 2 O (85:15), a flow rate of 0.5 mL/min, and a sample injection of 20 μL (sample concentration: 2 mg/mL). HPLC analysis led to the identification of glucose. The monosaccharide was in their naturally occurring form in agreement with their optical activity measurements, that is, D-series for glucose and optical activity was recorded, after the solutions had been stirred for 2 h at room temperature: D-glucose [α] Enzymatic degradation of dry mucilage of chia. In phosphate buffered saline (8 g/L NaCl, 0.2 g/L KCl, 1.44 g/L Na 2 HPO 4 , and 0.24 g/L KH 2 PO 4 , pH 7.4), 100 mg of DMC were dissolved in proportion of 1:1, centrifuged, and the supernatant was digested for 48 h at 38°C with the following: 1 mg/mL of α-glucosidase from yeast (EC 3.2.1.20, Sigma-Aldrich); 1 mg/mL of α-amylase from human saliva (EC 232-565-6, SigmaAldrich); and 1 mL of iso-amylase (ENMEX, S.A. de C.V.). The enzymatic reaction was terminated by heating at 80°C for 60 min, then centrifuged and dialyzed (Millipore Amicon, membrane 10 kDa). The aqueous suspension was frozen and lyophilized. The enzymatic hydrolysis-derived mixture products were subjected to analytical HPLC on a Waters μBondapak NH 2 column.
Recycling HPLC separation. The instrumentation used for HPLC analysis consisted of a Waters 600E multisolvent delivery system equipped with a refractive index detector (Waters 410). Control of the equipment, data acquisition, processing, and management of chromatographic information were performed by the Empower 2 software program (Waters). The sensitivity setting of the refractometer was increased from 4 N to 256 N to facilitate the detection of all minor impurities. The analytical separations were done on a μBondapak NH 2 column (Waters; 3.9 × 300, 10 μm) with an isocratic elution of various proportions of CH 3 CN-H 2 O and a flow rate of 0.5 at 1.0 mL/min. Chemicals, cell lines, and cell cultures. For the first cytotoxic assay, colon (HCT-15 and HCT-116), cervix (HeLa), and breast (MCF7 and MDA-MB-231) carcinoma cell lines were acquired from the American Type Culture Collection. The resistant counterpart MCF7/Vin was developed and subcultured during five consecutive years, as previously reported (FigueroaGonzález et al., 2012; Corona-Castañeda et al., 2016) . All cells lines were maintained in RPMI 1640 medium supplemented with 10% fetal bovine serum and cultured at 37°C in an atmosphere of 5% CO 2 in air (100% humidity). To maintain drug resistance, MCF7/Vin + cells were cultured in medium containing 0.192 μg/mL vinblastine. At the same time, stock of MCF7/Vin cells was maintained in vinblastine-free medium (MCF7/Vin À ). RPMI 1640 medium and fetal bovine serum were purchased from Gibco (Life Technologies, Carlsbad, CA) and sulforhodamine B (SRB), reserpine, and vinblastine from Sigma-Aldrich (St. Louis, MO).
For the second cytotoxic assay, kidney epithelial cells derived from the African green monkey (Vero, negative control), HeLa, MCF7, and hepatocellular (HepG2) carcinoma cells were maintained in Dulbecco's Modified Eagle Medium (DMEM, Gibco) supplemented with 10% fetal bovine serum (FBS, GOLD) and 1% penicillin-streptomycin (10,000 U/μg/ mL, In vitrogen Co., Carlsbad, CA).
For the trypan blue viability test, Vero, HeLa, MCF7, and HepG2 carcinoma cells were incubated in 0.5 mL of DMEM containing 5% FBS and 1% penicillin/ streptomycin.
In vitro cytotoxicity assays. First, cytotoxicity of the saponification and enzymatic-derived products (1-4) was determined by using the SRB assay (Skehan et al., 1990) , for colon (HCT-15 and HCT-116), cervix (HeLa), and breast (MCF7 and MDA-MB-231) carcinoma cell lines, and MCF7/Vin + , MCF7/Vin, and MCF7/Vin À cells. Cells were harvested at log phase and were treated in triplicate with various concentrations of the test samples (0.2-25 μg/mL) and incubated for 72 h at 37°C in a humidified atmosphere of 5% CO 2 . Results are expressed as the concentration that inhibits 50% of the growth of the control cells after the incubation period (IC 50 ). The values were calculated from a semilog plot of the drug concentration (μg/mL) against the percentage of growth inhibition. Vinblastine was included as a positive control. The reversal effects as modulators were further investigated with the same method (Tables 1 and 2 ). Subsequently, cytotoxicity of the saponification and enzymatic-derived products (1-4) was determined by using neutral red uptake assay (Babich and Borenfreund, 1991) for Vero, HeLa MCF7, and HepG2 cells. Cells were grown at 37°C in a humidified atmosphere containing 5% CO 2 . The cells were seeded at a density of 5 × 10 3 in 96-well plates in a total volume of 100 μL and incubated for 24 h. Then, the cells were exposed to different concentration (0.5 to 2.5 mg/mL) of saponification and enzymatic-derived products (1-4) in 100 μL of 10% FBS DMEM for 24 and 48 h. After incubation, the medium containing the hydrolysates was discarded and cell viability was evaluated by Trypan blue viability test. For measuring morphological change, the trypan blue viability test was used. The Vero, HeLa, MCF7, and HepG2 cells were seeded at a concentration of 1.5 × 10 4 to 5 × 10 4 per well (in 24-well plates), and then incubated. After 1 day, cells were incubated in the presence of different concentrations of compounds 1-4 (0.5 to 2.5 mg/mL), or the absence of this, for 24 and 48 h. The treated cells were stained with trypan blue. Four photographs were taken per well.
Modulation of multidrug-resistance assays. MCF7 and MDR MCF7/Vin cells were seeded into 96-well plates and treated with various concentrations of vinblastine (0.00064-10 μg/mL) in the presence or absence of test samples at 25 and 5 μg/mL for 72 h. The ability of the saponification and enzymatic-derived products to potentiate vinblastine cytotoxicity was measured by calculating the IC 50 as described previously. In these experiments, reserpine (5 μg/mL) was used as a positive control. The reversal fold (RF) value, as a parameter of potency, was calculated from dividing the IC 50 + corroborated the presence of residues of sugars and the presence of a trisaccharide residue core (Chen et al., 2011; Hung et al., 2008) .
In the 1 H NMR spectrum, the diagnostic resonances observed in the downfield region δ H 4.60-6.40 were assigned to the anomeric protons because of their multiplicity as doublets (Timilsena et al., 2016; Kawaharada et al., 2008; Rosas-Ramírez et al., 2011; Rosas-Ramírez and Pereda-Miranda, 2015) , although some of the peaks were overlapped in the resonance region for non-anomeric protons (H2-H6) and difficult to assign. In the 13 C NMR spectra, the anomeric signals at δ 98-105 directly indicated the number of monosaccharide units forming the oligosaccharide core for the mucilaginous polysaccharide. The residues of sugars, in the n-butanol-soluble oligosaccharide, were in close agreement with two of those reported (KueiYing et al., 1994; Timilsena et al., 2016) . Two-anomeric signals were observed, glucose and glucoronic acid. The anomeric carbon signal of glucose residues was assigned at 105.35 ppm and indicated that this polysaccharide adopted α configuration and the signal at 64.676 ppm was attributed to the C-6 of l,6-linked glucose (Qiu et al., 2007) . The anomeric carbon signal of glucoronic acid residue was assigned at 99.71 ppm and the carbonyl resonance at δ 175.23 for the C-6 corroborated a glucoronic acid residue (Timilsena et al., 2016) . A total of 12 resolved peaks for monosaccharides residues were detected in 13 C NMR spectrum. HPLC analysis of the acid hydrolysis-liberated monosaccharides from saponification of chia mucilage, on a μBondapak NH 2 analytical column, led to the identification of glucose (t R = 10.5 min) by co-elution experiments with standard commercial samples as rhamnose (t R = 9.5 min), xylose (t R = 10.3 min) and glucose.
Purification by preparative recycling HPLC of the hydrolysis-derived products from dry mucilage of chia
The hydrolysis-derived water-soluble mixture products were subjected to analytical HPLC on a Waters 
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μBondapak NH 2 column. The best chromatographic elution system found was then applied to each fraction in preparative HPLC and a sample injection of 200 μL (sample concentration: 20 mg/mL) in a μBondapak NH 2 column. The eluate with t R of 13-15 min from the saponification and enzymatic degradation were collected by the technique of heart cutting and independently reinjected, in the apparatus operated in the recycle mode to preparative reversed-phase HPLC to achieve total homogeneity after 10-20 consecutive cycles employing the same isocratic elution ( 
Structural analysis of derived products from dry mucilage of chia
Compound 1 is almost equal to chia mucilage. The characteristic bands ranging between 3500 and 3100 cm À1 represent the hydroxyl (OH) stretching, which makes up the gross structure of carbohydrates. The broad bands between 3000 and 2800 cm À1 is attributed to CH stretching. Furthermore, the region between 1800 and 1500 cm À1 is typically used to detect the presence of carboxylic acid groups. The bands at 1742 cm À1 and 1153 (1155) cm À1 represent the bending vibration of CO and COC present in the pyranose ring. The band at 1038 cm À1 is assigned to COC stretching of 1→4 glycosidic bonds and COH bending, which is considered as a characteristic of polysaccharide compounds. Seed gums usually contain glucoronic acids, which usually impart an anionic character to the macromolecule. The bands at 1599 and 1418 cm À1 are assigned to the symmetric stretching of carboxyl group (COO) of glucoronic acids (Timilsena et al., 2016) . In conclusion, two monosaccharide signals were observed.
The spectrometric analysis of the saponification and enzymatic-derived products of DMC were conducted by MALDI. Compounds 1-4 generated the molecular ion m/z at 857 [M + H] + , similar to observed for the n-butanol-soluble oligosaccharide from mucilage and displayed the common fragments produced by glycosidic cleavage of each sugar moiety at m/z 501 that corresponded to trisaccharide residue core (CruzMorales et al., 2012; Corona-Castañeda et al., 2016; Rosas-Ramírez et al., 2011) .
Compounds 1-4 were used to generate a 1 H NMR profile, and all spectra showed readily distinguishable signal, used as a fingerprint for pattern recognition and structural replication similarly of the n-butanol-soluble oligosaccharide from mucilage, so as to identify the oligosaccharide core (Surenjav et al., 2006; Shih et al., 2008; Yin et al., 2010; Tada et al., 2007; Kim et al., 2000) .
Cytotoxicity assays analysis of derived products of dry mucilage of chia HCT-15, HCT-116, HeLa, MCF7, and MDA-MB-231 carcinoma cell lines were used for the first cytotoxicity screening, with 1-4 using the SRB method, and data are presented in Table 1 . were noncytotoxic at the concentration tested against the drug-sensitive and multidrug-resistant cells (IC 50 > 29.2 μM).
In the second cytotoxicity screening with 1-4, the Vero cells were used as a normal cell model for comparison to the HeLa, MCF7, and HepG2 cells models. Compounds 1-4 were tested as cytotoxic activity using the neutral red method and concentrations of compounds 1-4 were 0.5 to 2.5 mg/mL. The results of second cytotoxic test of 1-4 is presented in Fig. 2 (72 h exposure). For measuring morphological change, the trypan blue viability test was used (Fig. 1) .
Modulation of multidrug-resistance assays analysis of the derived products of dry mucilage of chia All compounds were tested as modulators of efflux pumps in vinblastine-resistant MCF-7/Vin + cells, and data are presented in Table 2 (Fig. 1) . To maintain drug resistance, MCF7/Vin + cells were cultured in a medium containing vinblastine under the conditions described previously (Chemicals, cell lines, and cell cultures.) . At the same time, a stock of MCF7/Vin À cells was maintained in a vinblastine-free medium. The RF value, as a parameter of potency, was calculated by the radio of IC 50 of vinblastine alone by the IC 50 of vinblastine in the presence of test compounds (Corona-Castañeda et al., 2016) .
DISCUSSION
We decided to make a saponification with KOH, as it is simple and easy to replicate, and is an economical method to obtain a library of compounds. A tentative structural unit proposed for the polysaccharide of mucilage was the basis for deciding which enzymes use the following: alpha-glucosidase hydrolyzes terminal non-reducing 1-4 linked alpha-glucose residues; alpha-amylase are glycoside hydrolase and act on α-1,4-glycosidic bonds; and iso-amylase catalyse the hydrolysis of (1→6)-α-D-glucosidic branch linkages. This variety of enzymes allows us to ensure that the mucilage polysaccharide was hydrolyzed and lets us obtain a library of compounds. Enzymes have become very important in industry because of their valuable properties, that is, rapid and efficient action at low concentrations under mild pH values and temperatures, high substrate specificity, and low toxicity. The Fourier transform infrared spectroscopy spectra of DMC, mucilage saponificated (1) and compounds 2-4, was found to be similar to those of common gums, mucilages, and from chia mucilage 910 D.G. ROSAS-RAMÍREZ ET AL. (Fonseca et al., 2011; Wang et al., 2003) . Thus, additional analysis using 13 C and both homonuclear and heteronuclear 2D-NMR is vital for accurate structural elucidation. The difference in activity with the individual compounds shows a possible difference between their structures.
In the search for natural compounds with selective cytotoxic activity and without adverse effects, two cytotoxic analysis with compounds 1-4 was performed. In the second cytotoxic screening for 1 (Fig. 2) , the best inhibition activity is observed in MCF7 and HepG2 cells; this can be observed in a dose-response trend, where the outstanding activity is observed from 2.5 mg/mL. For compound 2 (Fig. 2) , a 24-to 48-h inhibitory activity for MCF7 cells shows that this line is more susceptible to this oligosaccharide. High sensitivity to 72 h is observed in all cell lines. Compound 4 increases the growth in Vero cells beginning at the 0.5 mg/mL concentration and reached a maximum at 1.0 mg/mL at 48 h (Fig. 2) . Bioactivity tests in vitro indicated that saponification, an economical alternative, and enzymatic hydrolysis-derived mixture products from mucilage of chia could significantly inhibit the proliferation of HeLa, MCF7, and HepG2 cells with low toxicity in a normal cell model (Vero, IC 50 > 2920.6 μM for 1-4). The major obstacle for cancer therapy is the damage to normal cells; therefore, the main goal is to find new potent antineoplastic that they do not cause damage to non-tumor cells. The analysis of the results suggests the possibility of discovering a new structural prototype for the development of selective anticancer products.
The lack of cytotoxicity of the tested samples is an essential requirement to distinguish between a possible synergism and the real cytotoxic potentiation in the monolayer modulation assay through their reversal effects of compounds 1-4 (Cruz- Morales et al., 2012; Figueroa-González et al., 2012; Corona-Castañeda et al., 2016) . The non-cytotoxic compounds 1-4 at a concentration of <29.2 μM exerted moderate potentiation of vinblastine susceptibility with a reversal factor (RF MCF7/Vin + ) around 4.55-fold for compound 2, 5.77-fold for compounds 1 and 3, and 6.82-fold for compound. This potency in the reversal of the susceptibility to vinblastine was similar than the activity of reserpine (RF 3.0), a cytotoxic positive efflux pump control (Cruz-Morales et al., 2012; Figueroa-González et al., 2012; Corona-Castañeda et al., 2016) . All compounds did not possess cytotoxic activity against carcinoma cell lines (IC 50 > 29.2 μM). However, all of them exhibit a strong modulatory effect of the antibiotic activity at a concentration of 25 μg/mL. Therefore, their reversal activity is the result of an additive synergism that could be substantial from a therapeutic perspective.
CONCLUSIONS
Our results suggest that oligosaccharides elaborate arrays that have evolved to confer selective advantage to plants. This evolutionary process may have potential in the discovery of new MDR modifying leads. Also, these results provided additional evidence to support the potential of non-cytotoxic oligosaccharides as inhibitory substrates of efflux pumps for overcoming cross drug resistance in combinatorial therapy. The modulatory effects were similar to those displayed by the positive control, reserpine. The mucilaginous polysaccharide of chia was an economical alternative to find bioactive carbohydrates; these results are the first to be reported with this class of compounds, and this research also identifies the monosaccharides that comprise the polysaccharide core of mucilage chia from the community of Malinalco, Mexico; only two monosaccharides were observed but another is necessary to make a thorough structural analysis that allows to propose its molecular structure.
